Abstract. The grits in the surface of grinding wheel is usually high-speed curve movement in the grinding process. It constructs the test system that a single diamond grit scratching the surface of 20CrMnTi steel under the high-speed curve movement. The research shows that there are obvious plastic bulge on both sides of the scratch, and the strengthening trace with plastic deformation at the bottom of the groove. With the increase of grinding speed, grinding force first increases and then decreases. Grinding force increases with the increase of grinding depth and feed speed.
Introduction
Generating grinding gear by worm wheel and form grinding gear is the mainstream technology to finish the 20CrMnTi carburized steel gear. The grinding process of the work piece material is essentially a cumulative effect of a large number of abrasive grains on the micro-cutting action of the material, and a plurality of microscopic grinding marks are formed on the work piece grinding surface. Many scholars at home and abroad mostly use a single abrasive grain scratch test to simulate the grinding process instead of the whole wheel grinding test, it is to provide a very important reference value about carrying out grinding mechanism research. However, the straight line rubbing study of single grain cannot explain the cutting behavior which the single abrasive grains on the grinding wheel in the actual tooth surface grinding process remove the material under the high speed curve movement. Actually, the wheel often has a fast tangential velocity when it is near or away from the tooth surface in the grinding process. In order to facilitate studying this problem, the author simplified the abrasive grain into conical geometry, and the Single corundum abrasive grain was used in the high-speed curve movement under 20CrMnTi steel surface scratching test. It was not only to make that the scratching behavior by a single abrasive grain was closer to the cutting behavior of abrasive on the wheel surface in the actual grinding process grinding, but also beneficial to study the basic law of grinding force and the material removal mechanism.
Scratch Test System and Method
The scratch test system was shown in Fig. 1 that it was experimented on the plane of 20CrMnTi steel by the use of diamond abrasive grain in the condition of non-lubricating. Four conical single diamonds with particle size of 46 # were brazed to the 45 steel discs with a diameter of 150 mm and a thickness of 5 mm. The scratch test used 20CrMnTi carburized hardened steel work piece with the size of 100mm×30mm×3mm and the surface hardness of 58-62 HRC. The density of 20CrMnTi steel is 7800kg/m3, the elastic modulus is 207GPa and the Poisson ratio is 0.25.The diamond abrasive was fixed on the spindle controller of FANUC BV75 vertical machining center to ensure that the diamond tip scratched the surface of 20CrMnTi steel work piece. Switzerland KISTLER 94272 models of high-performance strain gauge milling and drilling mill universal dynamometer were used for the force measurement. Nova Nano SEM 450 environmental scanning electron microscope was employed to observed the microscopic morphology of scratch marks. Fig. 2 shows that the trench on either side of the plastic bulge was forming, plastic deformation strengthening traces for groove at the bottom of the material. When grinding grain of cutting-edge interference in depth of the contact materials began to rapidly increase, the abrasive grain and workpiece material after the extrusion effect to enhance each other. Cutting edge began to start into the workpiece, the grinding grain and material contact area to form local elastic-plastic degeneration area. With grinding grain on the workpiece moving, dislocation slip in the crystal structure, material on the abrasive front and sides uplift, workpiece surface is to draw a trench, grindings rake surface of sliding along the grits and out, and on both sides of the trench plastic bulge forming. experiment, the experiment in each group to maximize stroke wiped in the process of grinding force as a constant. Table 2 and Table 3 are the table of the intuitive analysis and analysis of variance about the normal force and tangential force .The influence order of rubbing factors amount on grinding force can be known through the analysis of range and variance ratio F.The the average value of the difference of the three factors-Grinding speed, grinding depth and feed speed in the level of the average normal force were 4.005, 9.63,2.645, and the variance ratio were 0.499,2.299,0.202. Similarly The difference of tangential force were 2.675,6.45,1.6,the variance ratio of tangerntial force were 0.405,2.416,0.179.In summary, grinding depth, grinding speed, feed rate on the normal grinding force and tangential grinding force were weakened in turn. This section respectively took the different levels of grinding parameters as the abscissa axis, and corresponding to different levels of the average normal force and the average tangential force as the vertical axis in Table 2 and Table 3 to draw the Relationship of grinding factors between the averages grinding force. As it is shown in Fig. 3 . It can be seen from Fig. 3a that the normal force and tangential force of diamond grains increase firstly and then decrease after 20m/s as the grinding speed keeps on increasing. The reason is as follows: on the one hand, with the increase of the grinding speed, the strain-rate strengthening effect of the material being processed is stronger, which leads to the increase of the shear resistance of the material. On the other hand, as the grinding speed increases, the grinding temperature increases, and the heat softening effect causes the shear slip resistance of the material to decrease, so the grinding force tends to decrease. When the grinding speed is lower than 20m/s, the strain rate strengthening effect is in the leading role. Fig. 3b and Fig. 3c shows that the normal force and tangential force are the same as the scratch depth, the feed rate to maintain an increasing relationship. The reason is that the maximum unreformed cutting thickness of abrasive grains increases with the increase of feed rate and grinding depth, and the deformation resistance and friction force of abrasive extruded material increase. 
Conclusion
SEM was used to observe the surface scratches of 20CrMnTi steel. There were significant plastic ridges on both sides of the groove, and the plastic removal process was further discussed. The effects of grinding parameters, such as grinding speed, grinding depth and feed rate, on grinding force are analyzed. Grinding depth, grinding speed and feed rate on the grinding force of the degree of weakening. As the grinding depth and feed rate increases, the unreformed chip thickness increases, resulting in increased grinding force. Increasing the grinding speed results in both strain-rates strengthening and heat-softening of the material, which, however, can have the opposite effect on the grinding force. The change in grinding force depends on the balance between strain rate strengthening and heat softening. With the increase of grinding speed, the grinding force increases first and then decreases, and the turning inflection point is about 20m/s.
